A mouse model of cerebral nocardiosis was used to determine relative antibiotic efficacy by reducing bacterial colony counts per gram of brain tissue. The antimicrobial agents employed were demonstrated in vitro to be inhibitory to most strains of Nocardia asteroides at very low concentrations. The agents used in this study were imipenem-cilastatin, amikacin, trimethoprim-sulfamethoxazole, and minocycline. Antibiotics were administered every 4 h for 72 h before animal sacrifice. Bacterial colony counts were assayed at various time points before the completion of therapy. Imipenem-cilastatin and amikacin were the most effective agents tested. Trimethoprim-sulfamethoxazole was less effective than imipenem and amikacin but more effective than minocycline. Minocycline did not eradicate intracerebral organisms and was similar to saline (control) in its effects.
Nocardia asteroides is being increasingly recognized as a pathogen of normal and immunologically incompetent hosts (7, 19) . The most common sites of infection are the lungs, central nervous system, and skin (3) . A central nervous system infection usually implies single or multiple brain abscesses, yet meningitis has been reported alone (14) . Intracerebral nocardiosis, in contrast to other forms of nocardiosis in the immunologically incompetent patient, can be a rapidly progressive and fulminant infection and has been associated with mortality rates of up to 90% (15) . Therapy for all forms of nocardiosis usually consists of a sulfonamide alone or in fixed combination with trimethoprim and these have been advocated by some authors as the drugs of choice (20, 22) . There are reports of cures with other antibiotics for those patients who have either failed on sulfonamides or experienced serious side effects which resulted in therapy being discontinued. These antibiotic regimens have included minocycline (23) , amikacin, ampicillin (6) , and erythromycin in combination with other agents (2) . These alternative forms of therapy usually have been based on in vitro susceptibility testing of the specific strain of N. asteroides isolated from the patient and on previous anecdotal reports.
Recent studies have shown that many new beta-lactam antibiotics are active at very low concentrations against a wide range of N. asteroides clinical isolates (11) . Further studies have shown that synergism can be established with several antibiotic combinations (12) . Unlike susceptibility testing with uniformly growing gram-positive and gramnegative bacteria for which in vitro activity can reasonably predict clinical efficacy, it has been shown that in vitro susceptibility testing of nocardia cannot necessarily predict clinical efficacy (1, 17) . The present study was undertaken to assess the relative in vivo efficacy of several antibiotics in the therapy of a mouse model of cerebral nocardiosis. The antibiotics were chosen on the basis of their in vitro activity against the challenge strain used. The combination of trimethoprim-sulfamethoxazole (TMP-SMX) in a fixed-weight ratio of 1:5 was selected * Corresponding author.
as this represents one of the more common forms of treatment and would provide a basis for comparison with other agents.
MATERIALS AND METHODS
Animals. Female Swiss Webster mice weighing approximately 20 g were used in this study. The animals were received from Charles River Breeding Laboratories, Inc., Wilmington, Mass., at 6 weeks of age and were used several days thereafter. The mice were housed in standard cages and fed food and water ad libitum.
Bacteria. A strain of N. asteroides isolated from a patient with cerebral nocardiosis at the Downstate Medical Center was used throughout this study. The isolate was maintained on Sabouraud agar slants and transfers to new agar slants were performed periodically. Inoculum preparation was performed by the method of Beaman and Maslan (5) minocycline on the growth of N. asteroides in mouse cerebral + 0.50; TMP-SMX, 3.36 ± 0.61; minocycline, 4.9 ± 0.84; saline-treated controls, 5.32 ± 0.79. Imipenem-cilastatin and amikacin were significantly more effective in reducing bacterial colony counts at all times tested than was a salinetreated control group (P < 0.05). Moreover, imipenemcilstatin and amikacin were significantly more effective in reducing colony counts than was TMP-SMX (P < 0.05). TMP-SMX was more effective than the control (P < 0.05). Minocycline was significantly less effective than any other treatment group in this model and was not statistically different than the saline-treated control group. There was no statistical difference in the effectiveness of therapy between amikacin and imipenem-cilastatin (P > 0.05).
DISCUSSION
The mortality rates for all forms for cerebral nocardiosis including brain abscesses and meningitis remain high with current therapy, particularly in immunocompromised patients (10, 16). There have been several reports in which standard sulfonamide therapy was either ineffective or the patient could not tolerate the side effects of the therapy (6, 7, 23) . The need for evaluating forms of therapy other than that of the sulfonamides alone or in combination with trimethoprim is warranted. Reliable and valid clinical trials of antibiotic efficacy are difficult to accomplish because of the paucity of patients with identical clinical syndromes and lack of sufficient number of patients seen at any one institution. Therefore, treatment is usually based on accumulated clinical experience and on anecdotal reports. In addition, in contrast to other bacteria for which in vitro testing can, in part, predict in vivo efficacy, the same cannot be said for nocardial isolates. For these reasons a valid and reproducible animal model of several forms of nocardiosis is useful in evaluating antibiotic efficacy both alone and in combination with other agents. Several recent in vitro susceptibility studies indicate that there are several new agents which are active against many nocardial isolates at very low concentrations (8, 11) . Many of these agents are more active than the currently advocated sulfonamides.
Other animal models of experimental N. asteroides infection have been reported (17, 18, 21) . None of these studies has attempted to determine antibiotic efficacy in such a quantitative fashion. Rather, the only measures of outcome were mortality rates of animals in acute and chronic models of infection. The present study was undertaken to quantitatively determine the efficacy of several antibiotics which are active in vitro against many strains of N. asteroides by reducing bacterial colony counts in an infected target organ.
Many of the variables encountered in previous studies have been eliminated. Each animal was given a homogeneous suspension of the same organism at the same inoculum. The 72-h period of therapy employed in this study allowed us to assess the efficacy of four antimicrobial agents alone without the host defense mechanisms killing intracerebral organisms. Our mice were able to clear organisms from cerebral tissue after 72 to 96 h without specific therapy (Fig. 1) . This phenomenon has been observed in other species of mice (4).
The short period of incubation (12 to 18 h) of disease in these mice was sufficient to achieve large numbers of organisms in the brain (Fig. 1 ) and to cause a marked inflammatory response as determined by histopathologic examination.
TMP-SMX exists in its commercial form as a 1:5 fixedweight ratio combination. This generally gives a 1:20 ratio in the serum, which has been shown to be the ratio most commonly synergistic against several common pathogens.
This ratio may not be optimal against all organisms and may not be optimal for the strain of N. asteroides used in this study. However, changing the fixed ratio and assessing its in vitro effectiveness is time-consunming, and the results may not predict clinical efficacy. Therefore, the usual ratio of the combination was used in these studies.
The results of therapy in the present study show that the widely used combination of TMP-SMX was less effective than imipenem-cilastatin or amikacin in decreasing bacterial colony counts in mouse brain tissue. These results were statistically significant. TMP-SMX, however, was significantly more effective in killing N. asteroides than was the saline solution given the control mice. Minocycline was ineffective in this model. A previously reported model of acute N. asteroides intra-abdominal infection showed TMP-SMX to be virtually ineffective (21) . The improved results with amikacin were consistent with those reported in a previous study in which amikacin was compared with TMP-SMX (21) . Further investigation of bactericidal activity of other antimicrobial agents or combinations of agents in an experimental model of N. asteroides is warranted.
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